Transient picosecond infrared (IR) spectra of the OH and NH-stretch (v 0-1) absorption bands of several hydrogen-bonded complexes have been investigated. Solutions of 1:1 complexes of weak acids (methanol, triethylsilanol and pyrrole, < 0.1 mol/dm3) and bases (acetonitrile, pyridine and tetrahydrofuran, < 2 mol/dm3) in CC14 at 295 K were interrogated with IR excitation and broadband probing. Lorentzian-shaped absorption bands are uniformly bleached while those with near-Gaussian bandshapes produce transient spectral holes. These results indicate a base functionality and hydrogen-bond strength dependence for determining the broadening mechanisms of these absorptions.
INTRODUCTION
Picosecond infrared hole burning has previously been investigated for hydrogen-bonded systems including polymer films (polyvinyl-butyral and polyvinyl-butanal) containing OH-stretch moieties [1] , concentrated methanol [2] and ethanol [3] in CC14 solution at room temperature and in OH-stretching bands of zeolites [4] . For the polymer systems, a 70cm -1 FWHM spectral hole burned into the 170cm -1 wide asymmetric OH(v 0-1) absorption band had a recovery time of 5+/-2 ps. Similar results were obtained for the alcohol/ CC14 solutions. IR spectral holes were attributed to site specific subgroup absorptions or oligomeric species with characteristic vibrational frequencies. Earlier studies performed in this laboratory on hydrogen-bonded OH-stretching bands in micas [5] , silica [6] , and on silica surfaces [7] revealed frequency-dependent T vibrational lifetimes and it was concluded that these systems exhibit inhomogeneously broadened absorptions. It was previously shown that the T1 lifetime of the NH-stretch mode of pyrrole in a series of hydrogenbonded 1"1 complexes in solution decreases monotonically with increasing base strength (Kamlet-Taft parameter) [8] . This trend also correlates with an increasing frequency red-shift from the monomer absorption frequency [8] . Investigation of the picosecond bleaching dynamics of hydrogen-bonded pyrrole NH-stretch absorption bands via a coarse, narrow frequency probe step method showed that weakly hydrogen-bonded systems produce uniformly bleached absorptions while more strongly bonded systems can produce spectral holes [9] . Weaker hydrogen bonding systems (e.g., pyrrole with ethyl acetate, acetonitrile, acetone, and tetrahydrofuran) produce Lorentzianshaped absorption profiles while stronger H-bonding complex absorptions (e.g., pyrrole with pyridine and triethylamine) are better fit to a Gaussian function. Other hydrogen-bonded systems were also examined for spectral hole burning with IR excitation of the complex (v 0-1) absorption band [10] .
We also recently reported transient bleaching dynamics obtained by two-color IR bleaching double-resonance overtone absorption experiments of two similar systems [11] 
EXPERIMENTAL
The experimental apparatus used to perform these studies was previously described in detail [8] . Three [12] . The signal spectrum was alternately ratioed against the reference spectrum with (7) Wavenumber (cm1) ',.
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Wavenumber (cm"1) carbon tetrachloride is shown as the narrow line in Figure 1 Figure 2 [8] . The dashed line is a Lorentzian fit (103 cm -FWHM) to the NH-stretch FTIR absorption profile. The Lorentzian bandshape suggests that the absorption is homogeneously broadened. The peak amplitude of the FTIR spectrum is normalized to match the peak of the transient bleach, and it is clear that the entire absorption profile is bleached after NH-stretch (v 0-1) excitation at 3350cm-1. Note the close agreement between the (v-0-1) FTIR absorption spectrum and the transient bleaching spectrum. Bleaching of the entire absorption band, uniformity of recovery time [8] , and the best fit Lorentzian profile strongly suggests that the absorption band for this system is also homogeneously broadened within the 1-2 ps timescale.
Previous narrowband pump-probe bleaching experiments on pyrrole:THF complexes with data points at the center frequency and half maxima of the absorption band also indicated a homogeneous absorption and yielded an approximately 4 ps bleaching recovery time [8] . These data points are included in Figure 2 as filled dots. In the lower frequency region, the onset of NH-stretch (v 1-2) excited state absorption is apparent. We also reproduced the T recovery time of the complex NH(v 0-1) absorption band (4+2ps) with the broadband probe methodology [8] . This measurement was performed by restricting the spectral content of the probed region to the bleaching band and performing kinetic measurements of the total spectrally integrated band intensity as a function of time delay.
To further understand the H-bonding absorption characteristics, we also investigated bleaching dynamics of the more strongly hydrogenbonded system methanol:pyridine:CCl4 with the same IR pump broadband IR probe method. Shown in Figure 3 is the FTIR absorption spectrum of a dilute solution of methanol (0.1 mol/dm3) and pyridine (0.6 mol/dm3) in room temperature CC14 (MeOH:pyridine complex) and spectral fits using Lorentzian and Gaussian functions. The measured FWHM of the absorption band is 220cm -and the peak frequency is red-shifted from the dilute methanol OH-stretch (v 0-1) absorption by approximately 295cm-. The Gaussian fit more closely resembles the FTIR absorption spectrum for the hydrogen-bonded OH-stretch [13] . The near-Gaussian profile suggests the vibration is perturbed by an inhomogeneous spectral broadening mechanism. This condition could produce a transient spectral hole when a narrowband IR excitation pulse is used to excite the complex absorption. The Figure 3 is the resultant bleaching spectrum at ta 1 Figure 3 . Observation of similar spectral hole burning from N-methylacetamide dimer and complexes will be reported in a subsequent publication [15] .
We 
